A strain of Pseudomonas syringae was isolated from garden soil for its ability to utilize propan-2-yl sulphate as sole source of carbon and energy. Growth was accompanied by disappearance of the ester from culture fluids and formation of stoicheiometric amounts of inorganic sulphate. However, enzyme activity capable of desulphating propan-2-yl sulphate was not detected under a wide range of assay conditions, either intracellular or extracellular, or at different phases of batch culture. No organic radioactive metabolites were detected during growth on propan-2-yl [3sS]sulphate or [ 1 ,3-14C]propan-2-yl sulphate alone, but when the latter compound was supplemented with unlabelled lactate, small amounts of 4C-labelled lactate were detected. This and the induction by propan-2-yl sulphate of a specific ~-1actate-2-sulphatase led to a proposed pathway in which propan-2-yl sulphate undergoes a stereospecific oxidation to D-lactate-2-sulphate before rapid desulphation to D-lactate and inorganic sulphate.
INTRODUCTION
Previous studies have shown that the microbial degradation of primary and secondary alkyl sulphate esters begins with liberation of inorganic sulphate by alkylsulphatase enzymes. Primary alkylsulphatases active towards such compounds as sodium dodecyl sulphate (SDS) are widespread White et al., 1984) and produce primary alcohols that are further metabolized by oxidation to carboxylic acids and subsequent P-oxidation. Degradation of secondary alkyl sulphates such as alkan-2-yl sulphates and symmetrical esters also requires initial separation of inorganic sulphate, in this case by stereospecific secondary alkylsulphatases such as those present in Pseudomonas C12B and Comamonas terrigena Dodgson & White, 1983) . Subsequent oxidation of the liberated secondary alcohol is achieved by stereospecific alcohol dehydrogenases (Barrett et al., 1980 (Barrett et al., , 1981 . The resulting ketones are in turn metabolized by a more complicated pathway that leads to C-C bond cleavage and generates simple carboxylic acids (Lijmbach & Brinkhuis, 1973; Dodgson & White, 1983) suitable for P-oxidation. Several of the alkylsulphatases that initiate these processes have now been purified and characterized (Cloves et al., 1980; Bartholomew et al., 1978; Matcham et al., 1977; Shaw et al., 1980) . More recently a river-mud isolate has been shown to grow well both aerobically and anaerobically on primary alkyl sulphates of chain length C6-C1 2, but not on the shorter homologues (Dodgson et al., 1984) . Aerobic or anaerobic growth on SDS elicited an inducible primary alkylsulphatase active towards the same esters that supported growth. A common feature emerging from all these studies is the inability of the enzymes to act on alkyl sulphates of chain-length less than about Cs, despite the fact that such compounds are known to be present in the environment. For example, the allantois of the developing hen's egg t 1982, 1984) . Hitherto there have been no reports concerning the microbial degradation of these short-chain sulphate esters. The present paper describes the isolation of a soil bacterium that degrades the short-chain ester, propan-2-yl sulphate, by a novel pathway involving initial oxidation to lactate-2-sulphate followed by hydrolysis to sulphate and D-lactate. The purification and properties of the ~-1actate-2-sulphatase that catalyses the latter step have already been reported (Crescenzi et al., 1984) .
METHODS
Unless stated otherwise, all chemicals were the purest available from Sigma or BDH. Chemical analyses. Potassium contents of sulphate esters were measured by flame photometry in an EEL flame photometer (Evans Electroselenium, Halstead, UK) with KCI as standard. Ester sulphate contents were measured gravimetrically by conversion to BaSO, as described previously . Elemental analyses for C and H contents were performed using a Technicon CHN Autoanalyser standardized with acetanilide.
Spectroscopic analysis. Infrared spectra of samples incorporated in Nujol mulls, or in KBr disks, were obtained using a Perkin Elmer Infracord 137 spectrometer. For NMR spectroscopy, samples (1 5-25 mg) were dissolved in 'HzO (0.5 ml, 99.8 atom% excess; Fluorochem, Glossop, UK) and spectra determined using a Perkin Elmer R32 spectrometer operated at 60 MHz.
Thin-laver chromatography. For one dimensional chromatography, plastic plates (Merck) coated with silica gel (0.2 mm thickness) were cut to 10 cm (in the direction of elution) x 3-20 cm (depending on the number of samples to be applied). Samples containing 50-200 Bq of radioactive material were applied 1-5 cm from one edge and plates developed in standard TLC tanks (Shandon Southern Instruments, Camberley, UK) containing one of the following solvents: A, n-butanol/acetic acid/water (50 : 12 :25, by vol.); B, propan-2-ol/water (7 :3, v/v); C, propan-2-ol/ammonia (0.880 sp. gr.) (7 : 3, v/v); D, chloroform/methanol/water (8 : 5 : 1, by vol.); E, ethanol/water/-ammonia (0.880 sp. gr.) (78 :9.5 : 12.5, by vol.); F, n-butanollacetic acid/ammonia (0.880 sp. gr.) (4 : 1 : 1, by vol.). For two-dimensional chromatography each plate was cut to 10 x 10 cm and a sample applied in one corner, I .5 cm from adjacent edges. After developing in the first direction, plates were dried at 80 "C for at least 4 h before running in the second direction. The two solvent combinations employed were A followed by C, and B followed by E. Autoradiograms of chromatograms containing radioactive material were produced by exposure of the plates to Kodak X-ray film NS-2T for 1-7 d depending on the amount of radioactivity on each plate. Radioactive areas on chromatograms were located by comparison with the autoradiograms and scraped into scintillation vial inserts containing 0.4 ml of water. Scintillation cocktail (4.5 ml, containing 0.4% 2,5-diphenyloxazole in toluene/Triton X-100, 2 : 1, v/v) was added and samples counted using an Intertechnique scintillation counter model SL4041. Quench corrections were made using the external standard-channels ratio method.
Sulphate esters. (1980) . The product had a specific activity of 0.78 GBq mol-I and was also radiochemically pure according to the chromatographic criteria mentioned above.
D-, L-and DL-Lactate-2-sulphates were prepared and characterized as described previously (Crescenzi et a/.,
1984).
Sodium ~~-[ l -'~C ] l a c t a t e (2 TBq mol-I) for use as a TLC standard was the product of Amersham. Culture media. Carbon sources other than propan-2-yl sulphate were added before autoclaving to a basal salts medium containing K2HP04, 3.5 g; KHzP0,, 1.5 g; NHJCl, 0.5 g; NaCI, 0-5 g; MgC12.6H20, 0.15 g; Na2S0,, 0.14 g in 1 litre of distilled water. When propan-2-yl sulphate was employed as carbon source in batch cultures, the ester solution was sterilized by Millipore filtration and added to sterile basal salts medium lacking Na,SO, and in which the concentrations of K?HPO, and KH2P0., had been doubled ('double phosphate basal salts'). The latter precaution was necessary to compensate adequately for H+ formation that occurs concomitantly and stoicheiometrically with liberation of SO:-. For the preparation of plates and slopes, the basal salts/propan-2-yl sulphate medium was solidified with 1.5% Noble agar (Difco). Nutrient broth (0.8%) and nutrient agar (2.3%, w/v) were prepared according to the manufacturer's (Difco) instructions.
Isolation and identification sf' bacterium. Garden soil loosely packed in a glass column (2.5 x 15 cm) was percolated ( I drop every 2 min) for 4 d at room temperature with basal salts containing 0.05% propan-2-yl sulphate. Subsequently, the concentration of ester was increased at 4-d intervals to 0.1 %, 0.15%, 0.2% and 0.3%. Final eluates from the column were used to inoculate sterile tubes containing 6 ml of basal salts/0.3 % propan-2-yl sulphate medium. When growth occurred, transfers were made to fresh medium (20 ml) which was then shaken at 120 r.p.m. and 20 "C until extensive growth had occurred (OD120 > 1.0). After four subsequent subculturings, the medium was plated out on nutrient agar and on Noble agar containing 0.3% propan-2-yl sulphate. A single colony morphology was evident, and after three successive transfers on each solid medium, the organism was transferred back to basal salts/0.3% propan-2-yl sulphate liquid medium to ensure that it had retained the ability to grow on the ester. Successive transfers on nutrient agar over several months did not lead to loss of ability to degrade propan-2-yl sulphate and the organism was subsequently maintained on nutrient agar alone. The bacterium was characterized at the Torry Research Station, Aberdeen, UK, as an oxidase-negative, green fluorescent, flagellated pseudomonad with properties corresponding (Doudoroff & Palleroni, 1974) to those of Pseudomonas syringae. It was accordingly so identified and designated as strain GG.
Culture conditions. Bacteria were grown at 20 "C in batch culture in Erlenmeyer flasks (50 ml to 2 1 capacity) shaken at 120 r.p.m. Inocula were prepared by aseptic transfers from nutrient agar stock slopes or plates to 20 ml of medium to be used. The starter cultures were incubated until mid-to late-exponential phase, and used to inoculate the main flasks. Inoculum sizes were I % for growth on propan-2-yl sulphate and 0.5% for other carbon sources. Bacterial growth was monitored by optical density of the cultures at 420 nm for defined media and 650 nm for nutrient broth cultures in a Cecil digital U V spectrophotometer, model no. CE 292.
Preparation of cell extracts. Cells were harvested by centrifugation (31 000 g for 30 min), resuspended in cold 10 mM-Tris/HCl, pH 7.5 (2% of the original culture volume) and disrupted by passage through a chilled French pressure cell (Aminco, American Instrument Co., Silver Springs, Md, USA) operating at 120 MPa. Alternatively cells were ruptured by sonicating for 5 min at 0 "C using a Sonifier Cell Disrupter Model B-30 (Branson Sonic Power Company, Danbury, Conn., USA) operating at 20 Hz and 90 W in the pulsed mode (1 s cycle, 50% duty cycle). Unbroken cells and cell debris were removed by centrifugation (40000g,,, for 1 h at 4 "C). When necessary, extracts were dialysed against 50 mM-Tris/HCI, pH 7-5. Protein assa~*s. Protein concentrations were determined by the method of Lowry using bovine serum albumin as standard.
A.FSU~S j i w sulphatase actiritj,. The search for the ability to hydrolyse propan-2-yl sulphate was made by incubating the ester with various cell extracts, and measuring any enzymically liberated sulphate. Propan-2-yl sulphate (100 p1 of 20 mM in 0.1 M-Tris/HCl, pH 7.5) was incubated with an equal volume of cell extract or concentrated culture medium at 25 "C. After an appropriate interval, the reaction was stopped by addition of 50 pl 15% (w/v) trichloroacetic acid. Precipitated protein was removed by centrifugation (MSE Centaur 2) and 200 pl of clear supernatant was analysed for SO;-content by the BaCl?/gelatin method of Dodgson (1961) as modified by Thomas & Tudball (1967) . To reduce the possibility of missing the activity by use of inappropriate assay conditions, the three most critical parameters (substrate concentration, pH and temperature) in the standard assay were varied, one at a time, through the following values: final substrate concentration 0.5, 1.0, 2.5, 5.0 and 10.0 mM; pH 6.0, 7.5 and 8.5; temperature 20, 25 and 30 "C.
Lactate-2-sulphatase activity was measured in a similar way, employing 20 mM-~L-lactate-2-sulphate as substrate in 0.1 M-Tris/HCI, pH 7-5, at 25 "C, with incubation periods up to 30 min.
R E S U L T S
Growth characteristics P . syringae strain GG grew well and reproducibly on nutrient broth and basal salts/pyruvate (1 %), with doubling times of 1.7 h and 1.3 h, respectively (Fig. 1 a) . Growth on propan-2-yl sulphate in double phosphate basal salts was also good, provided that the volume of the inoculum was at least 1 % of the total culture volume. With smaller inocula, growth curves were irreproducible. Fastest doubling times (about 3 h) were achieved at or above 0.3% propan-2-yl sulphate, and the ester was growth-limiting below 0.75% (Fig. 1 b) . Attempts to detect sulphatase activity towards propan-2-yl sulphate Degradation of alkyl sulphates in micro-organisms usually proceeds via desulphation of the ester by the action of a sulphatase followed by subsequent oxidation and metabolism of the resulting alcohol. It therefore seemed reasonable to suspect that P. syringae GG would produce a sulphatase to enable it to initiate degradation of propan-2-yl sulphate. The bacterium was grown to the stationary phase on 10 1 double phosphate basal salts containing 0.3% (w/v) potassium propan-2-yl sulphate. Cells were harvested, resuspended in 0.5 M-NaCl (1 00 ml), stirred for 30 min and centrifuged again. The pellet was resuspended in 50 mM-Tris/HCl, pH 7.5, and the suspension divided into two portions. One portion of cells was disrupted by passage (four times) through a French pressure cell, and the other by sonication. Each lysate was sub-divided into two portions, one of each pair being stored untreated, and the other being centrifuged (30000 gav. for 60 min) to remove cell debris. The clear supernatants, the whole lysates and the 0.5 M-NaCl washings were dialysed (three changes, 2 1 each) for 18 h at 4 "C, and assayed for ability to liberate SO:-from propan-2-yl sulphate. Under a variety of conditions of substrate concentration, temperature and pH (see Methods), no release of sulphate from propan-2-yl sulphate was detected.
Some bacterial enzymes, for example the P2 primary alkylsulphatase of Pseudomonas sp. C12B (Fitzgerald, 1974) , are known to enjoy only a transient existence during the exponential phase of batch culture. To test this possibility for P . syringae GG, bacteria were grown in basal salts/propan-2-yl sulphate on a 10 litre scale. Samples (1 litre) were withdrawn at approximately 4 h intervals, starting in the early exponential phase (10 h, see Fig. 1 ) through to early stationary phase (30 h). Cell extracts were prepared, dialysed and assayed for the ability to liberate sulphate from propan-2-yl sulphate under the same range of conditions of substrate concentration, temperature and pH, but no activity was found.
The search next turned to the culture medium. Several alkylsulphatases are known to be located at the cell periphery and some have been detected in the culture medium during growth. It was therefore possible that P. syringae GG excreted a propan-2-yl sulphate sulphatase into the extracellular medium. To test this possibility, bacteria were grown on propan-2-yl sulphate, and samples collected during growth, as before. Cells were removed by centrifugation and the supernatants concentrated tenfold (Millipore immersible CX-10 membranes), dialysed, and assayed for propan-2-yl sulphate sulphatase. Again, under a variety of conditions of substrate concentration, temperature and pH, no such activity was found. Metabolite production during growth on 5S-and 4C-labelled propan-2-yl sulphate In the absence of a propan-2-yl sulphate sulphatase, the possibility was by now clearly emerging that degradation of the ester was proceeding by a route not initiated by desulphation. A search was therefore made for radioactive metabolites of 35S-and 14C-labelled propan-2-yl sulphate.
Cells were grown in a double phosphate basal salts medium containing unlabelled propan-2-yl sulphate (0.25 %) and propan-2-yl [35S]sulphate (0-05%, 2.22 kBq ml-l). At intervals during growth, samples were taken and centrifuged to remove cells. Samples (10 vl) of the clear supernatants were examined by TLC in solvent C. Following autoradiography, radioactive areas were scraped from the plate and counted. Growth of the organism was accompanied by a decrease in the amount of ester present in the medium and a corresponding increase in the amount of inorganic sulphate (Fig. 2) . No other intermediates containing 35S-label were observed. When the experiment was repeated using [ 1,3-"T]propan-2-y1 sulphate in place of the 35S-labelled compound, the labelled ester disappeared in a similar manner (Fig. 2) , and no other 14C-labelled compounds could be detected in the medium, the label presumably being either incorporated into cell components or respired as 14C02. While these two experiments clearly showed that propan-2-yl sulphate was utilized during growth, and that liberation of inorganic sulphate was stoicheiometric with disappearance of the ester, the identity of the immediate precursor of Sot-was still obscure.
Experiments with resting cell suspensions Cells grown in the usual way on propan-2-yl sulphate to mid-exponential or stationary phase were harvested, washed twice in basal salts lacking NH4C1 (to minimize further growth) and resuspended in the same medium. The whole cell suspension was divided into two portions which were incubated separately with 14C-or ?3-labelled propan-2-yl sulphate for 24 h. Samples were taken at intervals and examined by TLC and autoradiography. Little degradation had occurred at 6 h, but after 24 h all the ester had been converted to inorganic sulphate and at no time was there any sign of an intermediate.
Growth on alternative carbon sources
The absence of a propan-2-yl sulphatase, together with the stoicheiometric accumulation of inorganic sulphate during degradation of propan-2-yl sulphate, clearly implied that the ester was modified in some way before desulphation could take place. The most likely route appeared to be oxidation of one of the methyl groups to produce a primary alcohol. Subsequently, a combination of further oxidation and desulphation (in either order) would liberate lactate. Alternatively both methyl groups could be oxidized to generate glycerol-2-sulphate, and combinations of oxidation and desulphation could then give rise to glycerol, glyceraldehyde or glycerate. When some of these compounds were tested separately as growth substrates (propan-2-01 at 0.1 % and 0.25 %; propan-l,2-diol at 0.25 %; DL-lactate at 0.3 %; glycerol at 0.279, lactate was much the most effective as a source of carbon and energy for P . syringue GG. Clearly a pathway leading to lactate from propan-2-yl sulphate would be sufficient to equip the organism to utilize the ester.
Firm evidence for the involvement of lactate in the metabolism of propan-2-yl sulphate was obtained by growing the organism in a medium containing [ 1 ,3-l4C]propan-2-y1 sulphate (0.3 %, 10 kBq ml-I) supplemented with either DL-lactate (1 %) alone or DL-lactate (1 %) and Na2S04 (0.014%), or pyruvate (1 %) and Na2S04 (0.014%). At 8 h intervals up to 32 h, samples (1.5 ml)
were removed, sonicated for 3 min to disrupt cells and centrifuged to remove debris before TLC analysis (solvent C) in the usual way. In all three cultures, growth occurred mainly at the expense of the major carbon source (lactate or pyruvate), and degradation of propan-2-yl sulphate was evident only in the 24 h and 32 h samples. However, these samples from lactate-fortified cultures contained small amounts of a new radioactive spot (RF = 0.47, c.f. propan-2-yl sulphate, 0.68) which was absent from the pyruvate-supplemented medium, Samples containing the new metabolite were pooled and the metabolite was purified by preparative TLC (solvent C). The radioactive band corresponding to the metabolite was scraped off the glass plate and eluted from the silica gel with water. The solution was concentrated by freeze-drying and the residue used to identify the metabolite. In each of the five solvent systems tested (B-F) the metabolite cochromatographed with authentic 4C-labelled lactate.
Production of D-lactate-2-sulphatase
The identification of lactate as an intermediate in the degradation of propan-2-yl sulphate suggested that desulphation might not occur until oxidation of propan-2-yl sulphate had progressed to lactate-2-sulphate. This sequence would require that P . syringue grown on propan-2-yl sulphate should contain an enzyme capable of desulphating lactate-2-sulphate. Cultures of various composition (nutrient broth, 0.8 %, w/v ; yeast extract, 0.8 %, w/v ; basal salts containing 1 % pyruvate and 0.014% Na2S04; double phosphate basal salts containing 0.3% propan-2-yl sulphate, with and without added Na2S04, 0.014%) were inoculated from appropriate starter cultures of P. syringue. Cells were harvested in early stationary phase (24 h) and dialysed extracts were assayed for ability to liberate sulphate from ~~-1actate-2-sulphate (20 mM). Lactate-2-sulphatase activity was easily measurable in cells grown on media containing propan-2-yl sulphate [0-04 units (mg protein)-'], but was absent from all cultures lacking the ester. The presence of added sulphate in the propan-2-yl sulphate cultures had very little effect on the amount of enzyme produced. When the concentration of propan-2-yl sulphate in the growth medium was increased from 0.01% to 1.0%, specific activity of the enzyme in extracts of stationary phase cells (46 h) was remarkably coqstant although the total amount of enzyme increased as a result of higher cell yields. Lactate-2-sulphatase was present at the same specific activity throughout batch culture on 0.3 % propan-2-yl sulphate, from early exponential to late stationary phase. The enzyme has since been purified to homogeneity and characterized as a stereospecific sulphatase acting only on ~-1actate-2-sulphate and liberating inorganic sulphate and D-lactate (Crescenzi et ul., 1984) .
DISCUSSION
P . syringae GG grew well on propan-2-yl sulphate as sole source of carbon and energy, and growth rates were clearly dependent on the ester concentration (Fig. 1 b) . Although the results did not strictly extend into the true exponential phase of growth, values of specific growth rate ( p ) estimated from the earlier time points in Fig. l b followed the classical (Monod, 1949) hyperbolic dependence on substrate concentration described by the equation p = pLmaxS/(S + K,) where pmax is the maximum specific growth rate (occurring at high S) and K, is the substrate saturation constant (characteristic of organism and substrate). From the data in 0~001-0~010% generally observed, for example for carbohydrates (Monod, 1949; Bull, 1974) . Indeed it is the combination of such low K, values with substrate concentrations of the order of g 1-1 that often masks the concentration dependence of growth rates (Bull, 1974) . In the present case, the high value of K, may be attributable partly to the fact that carbon accounts for only onefifth of the mass of the ester C3H7S04K. It may also indicate that either an uptake system for propan-2-yl sulphate, or an enzyme involved in the early stages of metabolism (see below) has a high K , for the ester. Despite good growth on propan-2-yl sulphate, P . syringae GG failed to produce a sulphatase with the appropriate specificity. 1984) strongly suggested that metabolism of propan-2-yl sulphate proceeded by oxidation of a single methyl group to carboxylate before rapid desulphation to lactate (Fig. 3) . Although there is no evidence at present for the intermediate formation of propan-1,2-diol 2-sulphate and lactaldehyde-2-sulphate, their tentative inclusion seems reasonable because a similar stepwise oxidation is known to occur, for example, in the microbial metabolism of methane (Best & Higgins, 1983) and in the o-oxidation of alkanes (Ratledge, 1978) . The scheme depicted in Fig. 3 contrasts with the routes for the microbial degradation of simple alkyl sulphates and choline sulphate which are usually considered to begin with a desulphation step . However, the oxidation-desulphation sequence, although unusual, is not entirely without precedent. Thus, P.Jluorescens (NCIB 8248) is able to utilize D-glucose 6-sulphate, as sole source of carbon and sulphur, in an analogous way. The ester, when serving only as sole source of sulphur was first oxidized to D-gluconate 6-sulphate before enzymic liberation of sulphate. Cell extracts were able to liberate the sulphate needed for growth from D-gluconate 6-sulphate but not from the parent D-glucose 6-sulphate (Fitzgerald & Dodgson, 1971 b) . Moreover, when D-glucose 6-sulphate served as source of both carbon and sulphur, metabolism of the D-glUCOnate 6-sulphate continued along the Entner-Doudoroff pathway to D-glycerate 3-sulphate. Cell extracts contained enzyme(s) capable of desulphating both D-glUCOnate 6-sulphate and Dglycerate 3-sulphate but not the parent ester . An intriguing feature of the steps leading from symmetrical propan-2-yl sulphate to the liberation of inorganic sulphate and D-lactate is their stereochemistry. Propan-2-yl sulphate is prochiral and oxidation of its enantiotopic methyl groups could lead, in principle, to either D-or L-or ~~-1actate-2-sulphate. However, the ~-1actate-2-sulphatase produced by P . syringae grown on propan-2-yl sulphate was absolutely stereospecific, both in its requirement for the D-substrate and in its production of D-lactate. If P . syringue was able to convert propan-2-yl sulphate to Llactate-2-sulphate, the latter should accumulate in cultures because it is not hydrolysed by the Dlactate-2-sulphatase. In fact no such accumulation occurred during degradation of propan-2-yl sulphate, implying either that L-lactate-2-sulphate was not formed in the first instance, or that possibly a racemase was present that inverted the L-isomer to the D-form. Previous work (Crescenzi et al., 1984) has shown that crude cell-extracts of P . syringae GG grown on propan-2-yl sulphate (and so containing D-lactate-2-sulphatase) hydrolysed only 50 % of DL-lactate-2-sulphate. A racemase capable of interconverting L-and D-isomers was clearly absent. It thus appeared that L-lactate-2-sulphate was never present, and the collective evidence strongly suggests that oxidation of propan-2-yl sulphate was stereospecific leading only to ~-1actate-2-sulphate. Stereospecificity of this type among mono-oxygenases appears not to have been reported hitherto, and would seem to offer an interesting avenue for future work and to hold potential for industrial exploitation in the production of optically active compounds.
The bacterial alkylsulphatases studied hitherto Dodgson & White, 1983; Dodgson et al., 1984 ) that initiate degradation of simple primary and secondary alkyl sulphate esters, fail to operate on esters of chain length less than C5. Shorter-chain alkyl sulphates have been identified in a variety of sources, both natural and anthropogenic, but they appear not to accumulate in large quantities in the environment. Evidently biodegradation routes other than simple desulphation must be involved and the present paper has identified one of them. It now remains to be seen whether microbial degradation of other short-chain alkyl sulphates (e.g. methyl, ethyl, n-propyl, and n-and iso-butyl sulphates) is accomplished by a similar combination of oxidation and desulphation, or whether further novel pathways are involved. Work on degradation of these compounds is currently in progress in our laboratories.
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